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(54) MULTICARRIER RADIO TRANSMISSION SYSTEM 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a multicarrier 
radio transmission system with which satisfactory 
characteristic's can be provided, even when plural 
transmitters are operated simultaneously, while using 
the same frequency or respective nearby frequencies. 

SOLUTION: A receiver 2 transmits information for symbol 
synchronization and information for carrier 
synchronization to transmitters 1-1 and 1-2. while using 
the prescribed frequency more than one. The transmitters 
1-1 and 1-2 convert the information which should be 
transmitted to a multicarrier signal and the receiver 2 
receives the transmitted information for 
synchronization, generates a carrier synchronizing 
signal and a symbol synchronizing signal, converts the 
multicarrier signal into the prescribed frequency via 
D/A sampling, while the generated carrier synchronizing 
signal Is used and radiates radio waves at symbol 
timing, while using the generated symbol synchronizing 
signal. 
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7^ A T' o T , 
ft#©S:^U, tuia^lgS[COi^f§^(^e>-^tufB-cD?llif^ 

^tcfuiav^^b^^^-v 'J rm^o>mm^ ^^mmir 
[m^m3] ^uv ^m^\z.nm\^x^m^^^^^ 
^^ii. mfia^iS[^oi^M«i*^^iilfi$riAcHrrfav;i/^:3p 

^)y^m\^xmmm^^mmm%\^. 
lutaisisccDi^fiaoo^n^tiii, 5v^tc^;gf -sm^® 

B5MB^^M^gr;^)^e><^)tufaI^«^^I^^c|^l«UTMfa^ 
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cii^3^4] ftfta^^titt, tuia^^oi^ft^s^of 1 

[0 0 0 1] 
[0 0 0 2] 

ii^B^iig (PSK) &sv^^i^i:5cfi^(fI^iIg (qam) 

^izMft-^^xim^^m-r^mm-jj^x^^h. ^r^. 
(Dum t m^(DmyjizMj^ -^i^xmrn^^m^^ ^my^ 

[0 0 0 3] mj5iX\tmr^^^i^^iy:^v^2:^t L 

it3^^?zfeiic^iii#m (OFDM) :^^timtn^-^ 

30 UT{Kwl^'>^5^A=feiS^$nTv^-^)o of dm 

■?-4x-?tlO:3f^Ur$:PSK^QAM-r'5:^i^T'^ 
[0 0 0 4] 300FDM:^^S:ffi(,\fcv';i/-?^^-V'JT 

mi^x^^-^^t=.Mzm^tfititifmo)Bmmm\mri^ 
40 ?&v^i:l^^4f-J^7^)^^-6, ^f^. oFDM:&^r'ti, mm 

mm^^m^-^x^. mm^j^nmco{&TiJ^ii^^^ji<xm 

ti. t^^oT, rc^o FDM;^5^ti. v;b^>''?xS^Jt^TT* 

[0 0 0 5] Z,ZX. OFDMyj^(DmiWmiZt5\^\X 

ti, oFDMfg-^^D^jg^tc, mm:'7'-v:s^m^m (id 
FT) ;b^fflv^e>ti,eo {5«i-r^^^t^ti^:^-vura)^ 
50 m^^y'^\tmmm>^^^£h. mmmmi)^^m\ky- 
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tCfeVxTti. ^^:7-U3:^^ (DFT) tCj:»J^r^fi 
[0 00 6] 

[0 0 0 7] t^e^(D^2 05v';i/^:^-vur^!^^^ 

[0 0 0 8] -4i3mmiik±<D.^Azm^f^^nrc^(DX\ 
^my'^xmmzmi^'^i^x^mj^j^m^iim^n^'^)^ 

[0 0 0 9] 

::^^m\t^ay<;m^^zmmi^x^m'r^^7'^iy 
^ jvmmx^ti^'nmm^tif^m^<^^^ v r*^e^?&s 
-^jv^^^ 'J rm^^^^i^xmwi^m'r^mwioyj^in 

e> CO JSiff #IC I^JSi L T n ^ {i^ S: 16^ $ 

[0 0 10] ^fc. 5^fg^ti_hfa(o@6^^&^'rsfc 
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[00 1 1] t,fz.. i^mmt. ±fBtD@&^$:J^^-r^?t 

10 fit). ^nv'?m^\z.nm\^xB:^'t^^'r^ v^M^m 

x^t\^t\m^ $ ^iStco :V -v U T ;^>^ e> ?^ ^ v-;!/^ 
m>i. i^co0J^afafc<fc*J^'5v;i/^:^-vUTMISfejI 

p^xm^0:>^^^)r^m\^xmm%^^m^rkm\^. m 
20 mmo^^^vrcDo-^. mmmmzm')':^x ^tit^^^^ 
vrm^^. ^uyi^m^izmm\^x^^i.xmf^mm 

^{zmmi^x ^ a V ^m^^n^^^^ ti^iz-^jv^^ 

-r^^tW^ i.t=.^(Dx&^o 
[0 0 12] --T% ±fa<Dfiiiii^^ti, ^igsccoi^fga^i 

30 t>' 1 ^JL^±(D^fi«Sc7)e)•^C0V^-rtl/)^ 1 ^iZ^^i^tlX 

rm^^izmmm^mmmmmr^^imi^r:^'^)^^^^^:^ 
[0 0 13] :^^mx{t. -en-^'nv^i/^^-vUT^^ 
r^'^)v^^^o'rmn^^mi^x^m-t^^7''< v^}\^ 

^\mmmii^^im'^t\fz.nmm'^\zm^\.fc.^ n v ^ 

40 ^i^^Cg-::5^^Tv;l/5^:^■v u y{i# twIfl-T ^ J: tc b 
[0 0 14] 

[5§WO^fiSc0J^^] mz. ~Jmm(D%mo^mm\zr:>\^ 
50 S2^co«^f§^i-i^t>'i-2i:, r<o-^;i/^:^-v u 
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[0 0 15] ^r^. ^mm2\tl'Dl^^±(Dm^<Dmmm 
^^^^jrm^^^m^-t^iii^^z. '^mm2ti^j^mi.t- 

[0 0 16] ^mm2\t. mmmi-ijkv^i-2i)^^ 

^y^x^m-r^. r-T% tyyTnjvmmm^^m^^ 
ri^m^'^&M.mt. ^im2^^ihmmmi- lBctJ^l- 
2y\. ^{zmmmi- iAxj^i-2^^i^'^mm2y\<Dm 20 

[00 17] ia2t»^^lC?^-g)V;i/^:^-vUT*?.^f5 

7^yx^Axoyi^mmi!}km(D-'m^7r^ir^ |5Ila^ci3l^ 

X. mmA\ti-^i;x±<Dmt&m^mm\^x. tyyTn^im 

1 ~ 2y\mm't^r^^<^^^ ur^fou ^x^mmmm 
m^mt. ^r^. mmB\t. iifi^i - i^t>'i -27^^ 

cD^^ 'jr^%^^)^x^r^^(Df^mmMi^x^^. 

[00 18] M^B^C■^l^T, ^ 3 il^UCigtcm^IUC^ 30 

m-t^o mmBitm^ (a) tc^-tj;e)tc2 5. smh 

zr'S>U> :^-vUTftg|iM5 0 kHzT', ^SPT' 5 1 1 5fc 
(D^^VrfJ^^^j:^. -?-n^*tlCO^-V'JTtil 0 0 kH 

zcD4^^ftiT'^i^a$nTv^s. ^iitfilli - i :5!Lt>' i - 

2li, b^'^y:^;V(D^^y:^)VWt^ti^X^^^(Dt 

^j^ii^ii^n^ni!::^T' 1 0 2:^(D^v vr^mmx 

[0 0 19]^3(B), (C) , (D) , {E) 

(F) -?-tl-e'n^-V>:^;i/U 2. 3. 4 40 

jkzyboymm^vvr^^i^xn*). 5:^<D^^vr^ 
ommfy^'^mx:^^. t.r^. '^^y:^jv^<D^^m^^ 

^^vr {^^y:^)vr^<D^^OT) t:\tm.^m^ti^^ 

^^mux. ^^y:^jvm(Dm^mm^^'=>o 
[0 0 2 0] tr=.. mmmi- iRzj^i-2\,t. mmy" 50 
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~^^(DBm^^^^^ i>^j\ymm^ 1 0 2 4 > h 
iDFTmm^^m-rz.txyt~j'<~'^yyv y^vm 

$:LfeOFDMM^T*&-6 1 0 2it^\;KV (D^m<n^ ^ V 

[00 2 1] mz. ^mmi - iJkryi-2(Dmmz'o 
^^xmm-t^. mm^ i-irxjpi-2 ^m-m^x^ 

(mii, ^^'-mmm^^itm^:^^x&^MP 
EG:b^tjtt:<Dm^it-jj^xi£m^nt^mnimm7=~ 

x£^miziti:^xm^)tmm^(Di^^mE^§^^^6 ^ *j 
(o^av^m^\zm-:5^^xnt>n^. -fi^fg^^eti^ 
kE^^/w d h:^-v 'J rwimpj^sii 1 6xmimi\L^ 
tir=.^^vrm^.^^n. PLLmm^.i^^^m^^xA-jj 
V rx^'j^tsn^mmiE^^-^m*)mi^. :i(DmmiE 
^\zmmi^r^^miE^j^3i^'t^. 
[0 0 2 2] n^j ffiEm'^iM^m^nr^^^ v^)\^^- 
^\%. m^coB^mPi (i/>;K;bmi3) T-migtr^vhi^ 

tc. i^-Y^y^-nMrn^^^^mx^xmrnt'^ (nt 

-Sil^. 2^g;t-/\*--y->:/U>^/OI DFT?^|^$:b 
T 1 0 2:^(0:^^^ V 'J rT')2^fi$^X-6m^-CD*L$:5(6^$-ti: 

[0 0 2 3] t-Jifc^-^. xrn^^i \%KmW^WM 
(R) /g^ismis (I) iijtc-eti-r^xi 0 2 4-ro^ 

*j> A:/Ji^M^Sg^^'J5!!<^^i5^. 0|B=@7(»>e>l023^@ 
*T'(^A;^SiStoe>-^il5=e?I)^^ 2 5 5#goA:^gPtc^t 
LTt±5oj3^C0 5 l{SOA::'jgiitC^bT(7)*^-t5r$: 
A:^L, 7 7 OS^g/)^^, 1 0 2 4^g^T'C0A^ 

SPtC^tUT=fe>5ofe^<D5 1 jiOA;^JgP(C^LT<?>^-T' 
-^($:A;tfL, ^^xJ^^1^<DA:tfSiitC(ifi^$:A:^-&i', 
5 1 l4i;CO=^-vUTT'^j3^$nsm-^C^^-^, 5^^^ 
CO±?HiT*l 0 2:^C0^-vUTT'{^jI$tLS{i-^ ( I 

t--6 5o^3^coA:^gii$:jli4'ri:tc<fc*j. [ga (b) — 
(F) tc^L;t^^>':^;i/i~^-v>^;i/5a)-?t>o- 

[0 0 2 4] rti^coifg^i:Q{g^li, 
T8ii, ?W^7;^)^e,^7)m:^Hi^vRt>*Q^t-^;^^^^3^^ 
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e> OD^^T' L ^ A V \ 
[0 0 2 5} ^-^58^#§6>^^^e.COi^□'y^^^^CS^V^ 

Qff^ti, D/A^^#g (LPF) 9tC 

nxr^u^m^\zmmtinnL^. LPPtc^t 

[0 0 2 6] itS^^^^ 1 0 \tmmi^^ 6 J: *J ^Orf^r^ 
19$: 9 0" i/:7^ 1 2tCJ:»;9 0" i/:7 h U^^t^^figjiig 

iS[$:^2cDiaji^?g^i:LT, "tn^tiY^yp^m^^- lp 

T'taxfiKiPa^i^ (QAM) LT. ^^T'til 0 2i^ (rfi 

r\z^\^xmnwMmhi{&.m\mLm\z.n'^tsi^ 20 

[0 0 2 7] iSx^iigggl 0 J;*jm:'3^n?tOFDMfi 

>> > ;K;uf5imt^ ^ T > ^ ^ ^ > y -^t) 

[0 0 2 8] 3(7)i^fiai-l (X-2) T'ti. 30 

^ff ^ 2 tc J: *J j^fi ^ 4a3^*fJ«i^r^lS[^pf<0 2 ^?^cD[mJfig 

mmm'^^mm r y-f-r ^^lx ^mm 1 4 tc <}: »j 

X t commm'^x $>^iyy ^r^jvmmmm^ t^-^vrm 
[0 0 2 9] z.<D^^{c. z(Dmm(Dmmxitmmmi 

[0 0 3 0] ±m(Dmm^nt:^'^jv^^'^vrm^ (o 
FDM{g^-) it^mm2\z^v^m^n^. lastis^m 
m2<D~'mm<Dmmx^^mt&^i^m^mm^'^mmm 
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xAtf^nt^oFDMm^it. mm^-^^^mmry 
■v^-f-^irtvx^m^2 iiz^v^m^tix-f^mmmm^ 
w\c.m^mmm^2 2{z^*)tpi'^mwimzmm^^ 
m^ti. fpr^mmmm^2 3iz^i)mm^nr=.^. m.^ 
mmm2 4\z^m^n^. 

[0 0 3 1] -^^ y^^D^y N:^-vUTf§^gP3 4ti, 

'j^^^^r=.--'^mmma>mmm^ mxits 12. sm 
Hz) $:56^feu. ^n^PLi^m^^^-t^mmmn^^ 
^iiis&2 5tc^$&L/T, s.^^izm^£^mmoym^mmm 

m^2^iy^hM')^'^Mz.^mmmM^t. m.^um^2 
AKm-mz^K^^-^n^-is. 9 0" 2 etcctufe 
^g??)^9 0'' i/v' h$nT*^^ii:x^gg^2 4 tciit$&^tt 

[0 0 3 2] ^ntCj;*;, |tx^|gti2 4/»^^lii^li^ 
1 0(CA::^$n;tT-:hD^{t^h[si^(7) 

m^ri. m^y^ji^^ (lpf) 2 8tcj;uoFDM{t 
^mm^ox^m^ntcsm^j^mmmwmcDm'^fimj^ 
$nTA/D^^^2 9tc^t^$n. mmmm^^m^ 

[0 0 3 3] 3gtC. |5lJ«ft^|g^I§Ig&2 5li, ;^-K-f 

Lxyyr^jvmmm^^n^'t^yy^jy^mmE^^^^ 
mm^t. zti^'^yyjmmiE^Rxyyy^^^i^mmm 

[0 0 3 4] AyD^m-^2Qj^i)m^)m^ntc^^i^ 
*&$n, ::.zxmmmm^'^mm2b^^)<D-^y^jv^ 

^J(1024;K'Y>hDF rmWO)m^X\t 1 0 2 4 M 
(D'r-^m 3!)^DFT. Q AM^-^lHlg&3 1 tcm;^$4x 

-So 

[0 0 3 5] DFT, QAM^^tmj^3 1 ti, mmm^ 

^^mm2b^^)<DV-y':fJV^uv^izm'^^^x. Kil 

wvxm^'r^v^Mnmm^ {^mmmno^mm^. 
Mt^ff-^ii, m:^img&3 2\z^^)mw^mm^j^h^<Dtv^ 
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[0 0 3 6] im}©M^fe^lEl5^2 5A^e>5J»Ja5$ 

(Dm2(DmmA) ^zmmmmt^^n. m^zmm^six- 

[0 0 3 7] rk^z. 2^fg^tcfet-t^iM{tap^T'coi/>^ 
;i/NieicD^^^tcovNTia6i:^^tc|iif?g-te. ^6 (a) 

(iia^^i^l - 1 f^Cfctt-S I DFT^i^^Z):7 7^-v^y h 

|^Pt3b X i i:;?)^e/>:K;Ux i CD^i-^$:^^^^LT^^^, — 
t^6 (B) tiiitfg^l - 2t^tCi3ttS I DFTfi^ 
ayy^-'^y h$:^L, ^M>^-/^';WWf^aa y i 

[0 0 3 8] ^6 (A) tCfcV\T, jMfi^l - 1 tCfett 

i/>;K;i/CO;*/- K-f >^->'<>'UJiP^a x+ 1 ico^^bi: 

mm^^L. mm\z. me (b) (c^v^r, iHfi^i- 

[0 0 3 9] z.(Dmm<Dmmx\t^iEm2f)^^ 
mmi- ijkz)^i-2i)^^miz^m^^:r.t.xtyy7n)v 

|5lJ5J^i:S^e)tCLTVN-60T% me (A) (B) 

{z*x^.tyy^^)i^<Dm€^tiK myjoymmmtimm-r 
^mmyy^)\^mm\^\z^^tif£^^^z)iz. ^sv^^i;t 
nyy^^j\^Mm(o-mz<D^^^n^:r.ti)m^mzx 

ZMZX^me (A) (B) (DmXlt. rX'Tjk 

•tmrtfixim^mx^^^'r^^m^jimmmiz^^^mit. 
mmx^^o tj^n. :^-\^'^y^—Aj\ymm^M<nL^ 
z.t\zx*). iyy^;vmm(Dmm\m<p(DmM^^/ux 

[0 0 4 0] -7^, v^mtyy-Jt^jmrnti^^nx^^tj^^^ 

ZLHif^-^^tcm. t<D^^\tm^ (C) (D) tc* 

^mnyy'if^)ymr^\z:^^(ox\ y y lf^)\^(r>m^ a ti§ 
[0 04 1] j&fc, ±u<DmM(r>mmx\t. 
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^i-i2Slt>'i-2i:. i^<r>^mm'^iix-^)v^^^ 

^jrmM^^y^^i^^m^cx^^^i}\ ^§m\tz,n 

mt^xm^^n. i&:3::x^h(Di^^y:^jvrd\'t^n^x 
^^^mm^mmmMi^x. ^m(Dmmmi)^^o)±^x 

-v y:^jva>mmm^ ^mmo^^m^oyt^x 
m ly xmmzstmx ^ s j: ^ a i^x^^ 

[0 04 2] ^ fc, mmoymm^t i ^i^A±a)^mmx 
m^^ti^y:^^^^zis\^^x. mm(Dmmmo)^t>(Di 
^(ommm<r>^t}mmm^^mmh. z.(Dmmm^\zm 
^ ^^xmmo^mmmmmmm^ ^j:-^)tcuT=bj:vN. 

^fill ^ O n^M tc U ^- ;t S If 5: R/J ili 

[0 04 3] igtc, >fci6rF]ti, 1 tt(Dmmmtmm<Dm 

20 ig^ii: l^-J^Jl0^^ia^T'^^$/ijc$t^^ti/x-rA^cfev^ 

or^my^^xmmm^^miEi^. mmo)mmm<±nm 
mm\mmmmz^fj:^m^<D^^ u rT'j^fju ^ 

L r r :rv tciwl L V :v U T ft ^ ^ -t S 
[0 04 4] Z.(D*M^. m'i^m\t±i^<Dy7.r'I^<Dmm 

[0 0 4 5] rcoJ;e>tc. ^^leiiTjT'li. [nlTOt^co^S^ 

mi^:r.(oy^^^[^(DBM(Dm')raz'^r<E'tM:£^<. ^ 

^mm^mmmt'B^^m:^r^^mmmy:^'r^^z^ 
40 j@flinjggT'fe-5o mz. f^^a^i^m^zMu mwiCDmm 
mio^^m-'0)iikm^n^^'^ti:m^\z:^^^x^^3m^ 

[0 0 4 6] 

mm(D^m] p^±Mml.r^^^\z. :^§m\z^n\t. 
mmr£:fjmxmm(Dmim<D y y ^^jmm ti^-^vrm 

mm^mmLx^. ^^ry^Jvmxcommmo>'r'mi)^^^ 
<. yyi^j\^a>m€Bx^^'t^K^^^z^mti^mmm(D 
mmzM-r^m^Mii^xm. mmminm^mmmm^m^ji 
50 '^^v^^^^jTmM^myT.v^j^^mmx^^o 
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So 

ms] m2t^(DmmB<Dmmmx$>^. 

[(34} :^mmiy^y^2^^mfi%-r^mmi^(D-mm(Dm 

((3 5] :^^miyp^v^^^mm't^'^mm(D~'mm(Dm 

me] iy-^^)mm(Dwtmmx^^. • 

1-1. 1-2 mmm 
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